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The K∗0 (700) meson appears as the lightest strange scalar meson in PDG. Although there were
a lot of experimental and theoretical efforts to establish this particle and determine its properties
and nature, it still needs confirmation in an experiment and its internal quark-gluon organization
needs to be clarified. In this connection, we study some spectroscopic properties of this state in
a hot medium as well as a vacuum by modeling it as a usual meson of a quark and an aniquark.
In particular, we investigate its mass and coupling or decay constant in terms of the temperature
of a hot medium by including the medium effects by the fermionic and gluonic parts of the energy
momentum tensor as well as the temperature-dependent continuum threshold, quark, gluon and
mixed condensates. We observe that the mass of K∗0 (700) remains unchanged up to T ≃ 0.6 Tc with
Tc being the critical temperature, but it starts to diminish after this point and approaches zero near
to the critical temperature referring to the melting of the meson. The coupling of K∗0 (700) is also
sensitive to T at higher temperatures. It starts to grow rapidly after T ≃ 0.85 Tc. We turn off the
medium effects and calculate the mass and coupling of the K∗0 (700) state at zero temperature. The
obtained mass is in accord with the average Breit-Wigner mass value reported by PDG.
I. MOTIVATION
The light scalar mesons with a mass below 1 GeV are
among particles that are not experimentally well estab-
lished and their nature needs to be clarified. Their mass
and width suffer from large uncertainties. Hence, their
investigation constitutes one of the directions of research
in high energy physics. There are a lot of models and
approaches aiming to clarify their nature and internal
quark-gluon organization. The standard quark model for
the mesons handling them as bound states of quarks and
antiquarks fails to correctly describe the mass hierarchy
and the existing large uncertainties on the parameters
of these particles. As a result, some of these particles
like the light unflavored f0(500) state have already been
treated as the unconventional exotic states of compact
tetraquarks or two-meson molecules [1, 2].
The lightest scalar strange meson K∗0 (700) appears in
PDG with the quantum numbers I(JP ) = 1/2(0+) and
the qualifier “needs confirmation”. The reported average
T-matrix pole as well as Breit-Wigner mass and width
for this state are [3]:
T-matrix pole
√
s = (630− 730)− i(260− 340) MeV,
Breit-Wigner mass = 824± 30 MeV,
Breit-Wigner width = 478± 50 MeV. (1)
Its other name is κ, and it has appeared in previous
versions of PDG as K∗0 (800). With the uncertain mass
and width as well as large width value and the fact that
it resides close to the Kpi threshold and appears as a
“shoulder” of the K∗(892) in this invariant mass distri-
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bution make its establishment more difficult, experimen-
tally. The BES-II Collaboration was found a K∗0 (700)-
like structure in 2006 in the process J/ψ → K¯∗0K+pi−
[4]. The Belle Collaboration studied this state in the
process τ− → K0Spi−ντ [5]. Many phenomenological ap-
proaches have been tried to explain this state and clar-
ify the situation with it in vacuum (see, for instance,
Refs. [6–22]). Mainly, this state is considered as the
usual strange scalar meson of ds¯, however, the isospin,
mass and decay channels of K∗0 (700) state fit well in the
tetraquark nonet with low-mass that was predicted [23].
But, no direct and powerful experimental sign for it to
have a tetraquark structure exists [22]. Investigation of
the scalar meson K∗0 (800) by modeling it as a scalar
tetraquark of diquark-antidiquark structure was made
in Ref. [24] to explore the suggestion about a possible
exotic nature of this particle. The obtained results on
the mass and width of this particle in this study do not
contradict the experimental data, however, more precise
experimental studies were suggested.
The thermal behavior of K∗0 (700), however, was in-
vestigated in few studies. Thus, in Ref. [25], the au-
thors studied the thermal properties of the lowest multi-
plet of the QCD light-flavor scalar resonances, including
K∗0 (700) state at a finite temperature in the framework
of the unitarized U(3) chiral perturbation theory. They
found that the mass of this resonance decreases when
increasing the temperature, considerably. The thermal
behavior of the K∗0 (700) meson was also studied in Ref.
[26] by using an effective hadronic model.
In the present study, we investigate the thermal be-
havior of the light scalar strange K∗0 (700) meson. In
particular, we discuss the behavior of the mass and de-
cay constant of this state with respect to the tempera-
ture by including the hot medium effects by the fermionic
and gluonic parts of the energy momentum tensor as well
2as the temperature dependent continuum threshold and
quark- gluon condensates. To this end, we use thermal
QCD sum rule formalism. We then set T → 0 to find
the value of the mass and decay constant in a vacuum.
The decay constant is one of the main input parameters
to investigate the electromagnetic properties as well as
possible weak and strong decays of K∗0 (700), which may
be in the agenda to get further information on the nature
and structure of this state. The QCD sum rule approach
is one of the powerful and applicable techniques to cal-
culate the hadronid parameters [27]. This method was
then extended to include the properties of the hadrons
at finite temperature [28–30] considering that the oper-
ator product expansion (OPE) and other assumptions
of the method remain unchanged but the quark, gluon
and mixed condensates are changed by their thermal ver-
sions. The required extra O(3) invariance brings some
additional operators with the same dimensions as the
vacuum condensates in thermal sum rules. The thermal
QCD sum rules were applied to investigate many proper-
ties of the standard hadrons and exotics ( see for instance
[31–34] and references therein).
This work is organized in the following way: In sec.
II we derive two-point thermal QCD sum rules for the
mass and coupling constant of the K∗0 (700) meson. In
sec. III we perform numerical computations and discuss
the thermal behaviors of the mass and decay constant of
K∗0 (700) with respect to temperature. In this section, we
also extract values of mK∗
0
and fK∗
0
in vacuum. Section
IV is reserved for our concluding remarks.
II. THERMAL SUM RULES FOR PHYSICAL
QUANTITIES
This section is devoted to the calculations of the mass
and decay constant of the light strange scalar K∗0 (700)
meson in the context of the QCD sum rule at a finite
temperature. To this end, we start from the following
temperature-dependent two-point correlation function:
Π(p, T ) = i
∫
d4xeip·x〈T {JK∗0 (x)JK∗0 †(0)}〉T , (2)
where JK
∗
0 (x) is the interpolating field or current of the
K∗0 (700) meson, T represents the time ordering operator
and T stands for the temperature. The average of any
operator O in the medium with thermal equilibrium is
written as
〈O〉T = Tr(e−βHO)/T r(e−βH), (3)
with H being the QCD Hamiltonian and β = 1/T . In
the quark-antiquark picture, the scalar current JK
∗
0 (x) is
expressed by
JK
∗
0 (x) = di(x)si(x), (4)
where d and s are light quarks and i is the color index.
According to the general aspect of the QCD sum rules
formalism, the above correlation function can be calcu-
lated in two different ways called physical and OPE rep-
resentations. In order to derive QCD sum rules for the
physical quantities under study, first we evaluate the cor-
relation function in the hadronic language including the
parameters of hadron like its mass and decay constant.
Then we calculate the same function in terms of QCD
parameters and match the two representations to get
the desired sum rules. Applying the Borel transforma-
tion and continuum subtraction procedures enhance the
ground state contribution and suppress the contributions
of the unwanted higher states and continuum. By satu-
rating the correlation function in Eq. (2) with a complete
set of the K∗0 (700) state and performing an integration
over x, we get
ΠPhys(p, T ) =
〈T |JK∗0 |K∗0 (p)〉〈K∗0 (p)|JK
∗
0
†|T 〉
m2K∗
0
(T )− p2 + . . . ,
in the zero width limit with mK∗
0
(T ) being the
temperature-dependent mass of K∗0 (700). Here, 〈T | rep-
resents the ground state of the medium at finite tempera-
ture and the dots indicate contributions to the correlation
function arising from the higher states and continuum.
The temperature-dependent decay constant fK∗
0
(T ) is de-
fined using the matrix element
〈T |JK∗0 |K∗0 (q)〉 = fK∗0 (T )mK∗0 (T ). (5)
Then in terms of mK∗
0
(T ) and fK∗
0
(T ), the correlator in
the zero width limit is expressed as
ΠPhys(p, T ) =
m2K∗
0
(T )f2K∗
0
(T )
m2K∗
0
− p2 + . . . . (6)
The Borel transformation with respect to p2 applied to
ΠPhys(p, T ) leads to the final form of the physical side:
Bp2ΠPhys(p, T ) = m2K∗
0
(T )f2K∗
0
(T )e
−m2
K∗
0
(T )/M2
, (7)
where M2 is the Borel parameter to be fixed in next
section.
The OPE side of the correlation function, ΠOPE(p, T ),
has to be determined in terms of the parameters of the
quarks and gluons like quark masses, quark-gluon con-
densates, etc. For this aim, we insert the interpolating
current presented in Eq. (4) into Eq. (2), and contract
the same quark fields using the Wick theorem. As a re-
sult, we get
ΠOPE(p, T ) = −i
∫
d4xeip·x
〈
Tr
[
Sijd (x)S
ji
s (−x)
]〉
T
. (8)
The quark propagator in vacuum is given in terms of
the parameters of the quarks and gluons [35, 36]. At a
nonzero temperature, the failure of the Lorentz invari-
ance by the chosen reference frame and emergence of
3the extra O(3)-symmetry some new kinds of operators
appear in the OPE. In order to restore the Lorentz in-
variance, four-velocity vector of the medium, uµ is intro-
duced. Using the four-velocity vector and quark/gluon
fields, one can construct new four dimensional opera-
tors like 〈uΘfu〉, where Θfµν is the fermionic part of the
energy-momentum tensor (for more information see for
instance Refs. [28–30]). Thus the light-quark propagator
in a hot medium[37] can be written as
Sijq (x) = i
/x
2pi2x4
δij − mq
4pi2x2
δij
− 〈q¯q〉
12
δij − x
2
192
m20〈q¯q〉
[
1− imq
6
/x
]
δij
+
i
3
[
/x
(mq
16
〈q¯q〉 − 1
12
〈uΘfu〉
)
+
1
3
(
u · x
)
/u〈uΘfu〉
]
δij
− igsλ
A
ij
32pi2x2
GµνA
(
/xσµν + σµν/x
)
, (9)
where mq represents the light s or d quark mass, 〈q¯q〉
stands for the light quark condensate in the hot medium
and GµνA shows the external gluon field. In Eq. (9) i, j
are color indices and λijA are Gell-Mann matrices with A
runs from 1 to 8.
The correlation function ΠOPE(p, T ) can be expressed
in terms of two parts: perturbative and non-perturbative.
The perturbative part is written in terms of a dispersion
integral. Hence,
ΠOPE(p, T ) =
∫ s0(T )
(md+ms)2
ρ(s)
s− p2 ds
+Πn.pert(p, T ), (10)
where s0(T ) is the temperature-dependent continuum
threshold and ρ(s) is the spectral density, which is ob-
tained using the imaginary part of the correlation func-
tion. For the channel under discussion, ρ(s) is obtained
as
ρ(s) =
3(2mdms − s)
8pi2
. (11)
The function ΠOPE(p, T ) in Borel scheme reads
Bp2ΠOPE(p, T ) =
∫ s0(T )
(md+ms)2
ρ(s)e−s/M
2
ds
+Bp2Πn.pert(p, T ), (12)
where the non-perturbative part in QCD is obtained as:
Bp2Πn.pert(p, T ) =
〈d¯d〉(2ms +md)
2
+
〈s¯s〉(2md +ms)
2
+
1
8
〈αsG
2
pi
〉 − g
2
s〈uΘgu〉
24pi2
−4〈uΘ
fu〉
3
. (13)
The QCD sum rules for the spectroscopic parameters
are extracted following the matching of the functions
Bp2ΠPhys(p, T ) and Bp2ΠOPE(p, T ). In this study, we
take into account the quark, gluon as well as their mixed
condensates up to dimension ten. However, contributions
of the operators with mass dimensions five and higher are
obtained to be zero.
The following expression is considered to write down
the gluon condensate entering the calculations according
to the gluonic term of the energy-momentum tensor, Θgλσ
(for details see for instance Ref. [37]):
〈TrcGαβGµν〉 = 1
24
(gαµgβν − gανgβµ)〈GaλσGaλσ〉
+
1
6
[
gαµgβν − gανgβµ − 2(uαuµgβν − uαuνgβµ
−uβuµgαν + uβuνgαµ)
]
〈uλΘgλσuσ〉. (14)
The mass sum rule for the K∗0 (700) meson is obtained
as
m2K∗
0
(T ) =
∫ s0(T )
(md+ms)2
dssρ(s)e−s/M
2
+ Π˜n.pert∫ s0(T )
(md+ms)2
dsρ(s)e−s/M2 + BΠn.pert
(15)
where
Π˜n.pert = − d
d(1/M2)
BΠn.pert, (16)
with BΠn.pert = Bp2Πn.pert(p, T ).
Finally, the decay constant fK∗
0
(T ) is calculated from
the sum rule
f2K∗
0
(T ) =
1
m2K∗
0
(T )
{∫ s0(T )
(md+ms)2
dsρ(s)e
(m2
K∗
0
(T )−s)/M2
+ BΠn.pert
}
. (17)
III. NUMERICAL ANALYSES
The expressions for the thermal QCD sum rules for the
mass and decay constant of the K∗0 (700) meson include
various parameters such as temperature-dependent quark
and gluon condensates, the gluonic and fermionic parts
of the energy momentum tensor, temperature-dependent
continuum threshold as well as the Borel parameter.
For the temperature-dependent quark condensate, we
use the following fit function extracted in Refs. [38, 39]:
〈q¯q〉 = 〈0|q¯q|0〉
1 + e18.10042(1.84692[
1
GeV2
]T 2+4.99216[ 1
GeV
]T−1)
.
(18)
This parametrization, which is reliable up to the critic
temperature Tc = 197 MeV, has been obtained by fit-
ting it to the lattice QCD results borrowed from Refs.
4Parameters Values
〈0|q¯q|0〉 (−0.241± 0.01)3 GeV3 [27, 35]
〈0|αsG
2
pi
|0〉 (0.012 ± 0.004) GeV4 [27, 35]
ms 93
+11
−5 MeV [44]
md 4.67
+0.48
−0.17 MeV [44]
TABLE I: Input parameters.
[40, 41]. Here, 〈0|q¯q|0〉 denotes the vacuum light-quark
condensate, whose value is presented in table I.
For the thermal gluon condensate, we use the fit func-
tion, which has been extracted using both the QCD sum
rule and lattice QCD results in Refs. [39, 42]:
〈G2〉 = 〈0|G2|0〉
[
1− 1.65
( T
Tc
)8.735
+ 0.04967
( T
Tc
)0.7211]
, (19)
where 〈0|G2|0〉 is the vacuum gluon condensate, whose
value is presented in table I, as well. In table I, we also
present the values of the light quark masses used in the
calculations.
Finally, for the fermionic and gluonic contributions of
the energy-momentum tensor we make use of the fit func-
tion extracted in Ref. [39] by using the lattice QCD re-
sults on the thermal behavior of the energy-momentum
tensor from Ref. [43]:
〈Θg00〉 = 〈Θf00〉 =
1
2
〈Θ00〉
= T 4e[113.867(
1
GeV 2
)T 2−12.190( 1
GeV
)T ] − 10.141( 1
GeV
)T 5.
(20)
The temperature-dependent continuum threshold in
light systems are taken as s0(T ) ≃ s0 〈q¯q〉〈0|q¯q|0〉 . The exact
relation is found by imposing the conditions that s0(T )
reduces to the vacuum threshold at a zero temperature,
reflects the temperature behavior of quark condensates
and the pole dominance as well as OPE convergence at
all temperatures are satisfied. These lead to the expres-
sion,
s0(T ) = s0
[
1− 0.2
( T
TC
)4
− 0.7
( T
TC
)12]
, (21)
where s0 is the vacuum threshold. The continuum thresh-
old in a vacuum is determined using the requirements of
the method such as the stability of the results with re-
spect to its variations as well as considering the energy
of the first excited meson in the K∗0 (700) channel. For
s0, we choose the range
1.05 GeV2 ≤ s0 ≤ 1.25 GeV2, (22)
where the mass and decay constant of K∗0 (700) meson
show good stability with respect to its changes.
Based on the prescriptions of the QCD sum rule ap-
proach, the mass and decay constant of the K∗0 (700)
meson should also show mild variations with respect to
M2. The working window for the Borel parameterM2 is
acquired by demanding that the higher state and con-
tinuum contributions are small and the contributions
coming from the higher dimensional operators are sup-
pressed. In other words, to determine the window for
Borel parameter, we impose the conditions of the pole
dominance and OPE convergence at a zero temperature.
Therefore, in the present study, we fix the following work-
ing window for M2:
0.8 GeV2 ≤M2 ≤ 1.4 GeV2. (23)
The 3-D mass and decay constant graphics for the
K∗0 (700) meson in a vacuum are presented in figure 1.
From this figure, we see that the mass and decay con-
stant show mild variations with respect to the changes in
M2 and s0 and satisfy the requirements of the method
used. Extracted from the analyses, the vacuum results
for the mass and decay constant of the meson K∗0 (700)
are depicted in table II. The world average for the Breit-
Wigner mass from the experiment presented in PDG is
also shown in the same table. We observe that our re-
sult is in a nice consistency with the experimental data.
The error presented in our prediction is small in com-
parison with the experimental uncertainty. The errors in
our results for the mass and decay constant are due to
the uncertainties in calculations of the working windows
for the auxiliary parameters as well as those related to
other input parameters. These errors are small compared
to the limits allowed by the sum rule calculations. Nev-
ertheless, roughly 60% of the presented errors belong to
the variations of the results with respect to the auxil-
iary parameters M2 and s0 and roughly 40% are coming
from the uncertainties of the input parameters, that is,
the quark and gluon condensates as well as the strange
quark mass.
Now, we discuss the behavior of the mass and decay
constant of the light scalar strange K∗0 (700) meson with
respect to the temperature. To this end we depict the 3-D
graphics (see figure 2) showing the variations of the mass
and decay constant with respect to the temperature as
well as M2 at average value of the continuum threshold.
We see that the mass of K∗0 (700) remains unchanged up
to T ≃ 0.6 Tc but it starts to diminish after this point
and approaches to zero near to the critical temperature
reffering to the melting of the meson at Tc. The decay
51.05
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(b)
FIG. 1: (a) Dependence of the vacuum mass of the K∗0 (700) state on M
2 and s0. (b) The same as (a) but for the decay constant
fK∗
0
.
mK∗
0
(MeV) fK∗
0
(MeV)
Present work 820± 10 191± 4
Experiment [44] 824± 30 -
TABLE II: Vacuum mass and decay constant values for the K∗0 (700) meson.
constant of K∗0 (700) is mild up to T ≃ 0.85 Tc, but starts to rapidly grow after this point.
0.00
0.05
0.10
0.15
0.20
T HGeVL
0.8
1.0
1.2
1.4
M2 HGeV2L
0.2
0.4
0.6
0.8
1.0
mK0
* HGeVL
(a)
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T HGeVL
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1.4
M2 HGeV2L
0.5
1.0
1.5
2.0
fK0* HGeVL
(b)
FIG. 2: (a) Dependence of the mass of the K∗0 (700) state on M
2 and T at an average value of the continuum threshold. (b)
The same as (a) but for the decay constant fK∗
0
.
At the end of this section, we discuss the effects of con-
sidering the finite width in the sum rules on the vacuum
values of the parameters under consideration and their
thermal behavior. At finite width, the main sum rule ob-
tained by matching the physical and OPE sides in Borel
scheme takes the form (see for instance Ref. [45] for more
6details):
2
pi
m3K∗
0
(T )f2K∗
0
(T )ΓK∗
0
(T )×∫ ∞
0
e−s/M
2
[s−m2K∗
0
(T )]2 +m2K∗
0
(T )Γ2K∗
0
(T )
= Bp2ΠOPE(p, T ).
(24)
To find the temperature-dependent mass, width and de-
cay constant in this case we need two more equations,
which are found via successive application of the oper-
ator d
d(− 1
M2
)
to both sides of the above equation. By
simultaneous solving of the resultant three equations one
finds the three unknowns: mK∗
0
(T ), fK∗
0
(T ) and ΓK∗
0
(T ).
In figure 3, we present the variations of these three quan-
tities with respect to temperature for the case of finite
width. From this figure we see that although the val-
ues of mass and decay constant are considerably shifted
compared to the case of a zero width approximation,
the behaviors of mass and decay constant remain un-
changed, i.e., the mass rapidly falls and the decay con-
stant rapidly grows near the critical temperature. As
is seen, the width of K∗0 (700) remains unchanged up to
roughly T = 150 MeV, after which it starts to grow up
to the critical temperature, considerably. At the T → 0
limit we obtain the values of the quantities under consid-
eration as
mK∗
0
(0) = 834± 10 MeV,
fK∗
0
(0) = 156± 3 MeV,
ΓK∗
0
(0) = 524± 8 MeV, (25)
where show considerable differences compared to the val-
ues of the mass and decay constant given in table II at
zero width approximation. The central value of the mass
is shifted with +14 MeV, while this amount in decay
constant is −35 MeV. The values of the mass and width,
within the errors, are consistent with the experimental
Breit-Wigner mass and width values reported by PDG.
IV. CONCLUDING REMARKS
Despite a lot of experimental and theoretical effort, the
nature and structure of the light scalar mesons remain
unclear and their parameters suffer from large uncertain-
ties. In the case of K∗0 (700) the situation is even worse:
The label (700) on its name differs with its mass consid-
erably and its parameters include large uncertainties in
the experiment. To clarify the situation with this lightest
scalar strange meson, we calculated the mass and decay
constant of this state in the framework of thermal QCD.
We obtained a vacuum mass at a zero width limit in ac-
cord with the world average Breit-Wigner mass from the
experiment presented in PDG. In the optimal working
windows of the auxiliary parameters our results encom-
pass small uncertainties compared with the experimental
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HG
eV
L
(b)
0.00 0.05 0.10 0.15 0.20
0.0
0.5
1.0
1.5
2.0
2.5
THGeVL
G
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FIG. 3: (a) Dependence of the mass of the K∗0 (700) state on
T for the case of finite width and at average values of the
auxiliary parameters. (b) The same as (a) but for the decay
constant fK∗
0
. (c) The same as (a) but for the width ΓK∗
0
.
data. Our results on the mass and decay constant may
help experimental groups to more clarify the situation.
The decay constant obtained in vacuum can be used as
one of the main input parameters to investigate the elec-
tromagnetic properties as well as the weak and strong
interactions of K∗0 (700) meson with other known parti-
7cles.
We discussed the thermal behaviors of the mass and
decay constant and observed that the mass and decay
constant remain constant up to T ≃ 0.6 Tc and T ≃
0.85 Tc, respectively. After these points the mass starts
to fall and the decay constant grows rapidly: The mass
approaches to zero at the critical temperature, referring
to the melting of K∗0 (700) meson and its decay constant
grows substantially at Tc.
By considering the finite width in the calculations, we
observed considerable shifts in the values of the mass and
decay constant, although their thermal behavior was not
changed. The calculations at a finite width show that
the width of K∗0 (700) remains unchanged up to roughly
T = 150 MeV, after which it starts to grow, considerably.
At finite width, we also calculated the vacuum mass and
width of K∗0 (700), whose values are consistent with the
experimental Breit-Wigner mass and width values within
the errors.
With the progress made in the construction of the fu-
ture in-medium experiments such as Japan proton accel-
erator research complex (JPARC), compressed baryonic
matter (CBM) and anti-proton annihilation Darmstadt
(PANDA) at GSI Germany, as well as nuclotron-based
ion collider facility (NICA) at Dubna Russia, it will be
possible to test the behaviors of hadrons at a finite tem-
perature and density. Comparison of the future data with
the phenomenological predictions will help us clarify the
situation with the scalar mesons and get valuable knowl-
edge on their nature and quark-gluon organization. This
will also shed light on the non-pertubative nature of QCD
at a finite temperature and density.
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